ABSTRACT During the period 1961-80, 384 cases of industrial gassing poisonings by trichlorethylene, perchlorethylene, and 1-1-1 trichloroethane (methylchloroform) were reported to HM Factory Inspectorate. A study of these data, which have been collated and analysed with particular reference to sex, age, clinical manifestations, and circumstances of the incident, is presented. Possible bias of the data owing to its source and method of extraction is discussed. The study shows the hazards inherent in the use of these narcotic solvents and discusses the circumstances that appear most likely to produce problems. The vulnerability of the younger worker is shown. Toxic effects were most commonly exerted on the central nervous system but no good evidence of cardiac or hepatic toxicity was found. In nine cases evidence of deliberate sniffing of solvent was reported. The problem of solvent abuse in an industrial context is discussed.
Chlorinated hydrocarbon solvents have been used extensively over the past 100 years as degreasing agents. In sufficient concentration they cause depression of the central nervous system, and some have found use as anaesthetic agents.' 2 Untoward toxic effects have occurred as a result of their use in industry, probably the most dramatic being those produced by tetrachloroethane.3 4 All the commonly used chlorinated hydrocarbon solvents have anaesthetic properties and some members of the group exhibit additional toxic effects. Peripheral neuropathy has been described in association with tetrachloroethane exposure,5 and some of these compounds have been shown to cause liver damage and cardiac arrhythmias.3 6-8 Renal damage has also been reported."9 10 Because of these toxic properties some of these solvents are now seldom used and have been replaced by similar compounds that are generally considered less toxic. Probably the three most commonly used chlorinated hydrocarbon solvents in industry today are trichlorethylene, perchlorethylene, and 1-1-1 trichloroethane. The use of these substances is extremely widespread. The toxic hazards posed by the industrial use of these socalled safer chlorinated hydrocarbon solvents has been the subject of much discussion and review for several years."-'3 The (1) the solvent was being used in a fixed tank installation, (2) maintenance of fixed tank installation was being carried out, (3) solvent was being used in portable form-that is, bucket solvent, (4) solvent was being used for dry cleaning process, or (5) other miscellaneous circumstances.
Because of certain aspects of the data discovered during the analysis a specific search for mention of addiction was added to the criteria decided on a priori.
Results
For 1961-80 inclusive, 330 gassing incidents involving these solvents were reported, affecting 384 people: 288 were affected by trichlorethylene, 44 by perchlorethylene, and 52 by 1-1-1 trichloroethane. Seventeen cases were fatal and of the remaining 367, 168 were sufficiently severe to result in unconsciousness. Trichlorethylene was responsible for 12 deaths, perchlorethylene for three, and 1-1-1 trichloroethane for the remaining two. The number of 0- cases occurring in any particular year varied from nine to 34, the latter figure being swollen by one incident affecting 22 individuals; and the number of actual incidents for any given year throughout the period ranged from nine to 27. The number of notifications a year showed no particular trend over the period studied (fig 1) .
No case of 1-1-1 trichloroethane poisoning was reported before 1966. Since then there have been a few cases each year, again with no particular trend.
TOXIC EFFECTS
Symptoms and signs were most commonly attributable to effects on the central nervous system. Gastrointestinal and respiratory symptoms were also quite common. Table 1 The data represent a large series of industrial solvent poisonings that is probably as comprehensive and representative of total industrial incidents in the United Kingdom as it is possible to achieve. Unfortunately, information is not available on the number of people occupationally exposed to these substances, and variation in the degree of use of these solvents cannot be taken into account. The figures do not show any trend of incidence with time. Without information on the actual amounts of these substances used and with so many other variables inherent in the data source, it is not possible adequately to discuss the question of changes with time. The relatively recent introduction of trichloroethane as an industrial solvent is evidenced by the lack of industrial poisonings reported before 1966.
The clinical manifestations described and reported in the various incidents show that depression of the central nervous system and narcosis are the major toxic effects of these compounds. In two cases there is reasonably strong suspicion of a dysrhythmogenic effect but the evidence for hepatotoxicity seems much less clear; indeed, from these data it is difficult to see that these compounds produce a practical hepatotoxic threat in industry.
Cases of addiction certainly occurred but because of the difficulty of ascertaining the exact facts in many of these incidents, it is only where this occurs in obvious circumstances that sniffing or addiction can be definitively documented.
The preponderance of men and the relatively greater severity found in this group as compared with the women may be considered to reflect the differing sex distribution in various occupations in industry. Thus the relative non-affliction of women is most likely to be because few women are employed in occupations where exposure to these solvents appeared to be most hazardous-for example, maintenance of plant and entry into confined spaces.
Surveys of the labour force of Britain show that under 10% of the potential workforce is aged 16-19.16 That 19% of our cases were in the 15-19 age group therefore seems to indicate a relative excess of cases in this group and is therefore cause for concem. When coupled with the relative increase in the number of more severe incidents, it would appear to provide good evidence that the younger age group is particularly vulnerable to solvent poisoning. One can speculate on the reasons for this but factors such as youthful exuberance, lack of experience, and possible predilection to sniffing solvents should be considered. In respect of the latter factor, however, it should be borne in mind that investigators may be more inclined to think of sniffing or addiction in this younger age group whereas the possibility might not be considered or raised when investigating similar incidents in those of more mature years. While the operating of degreasing baths accounted for the greatest number of cases found with any particular mode of use, two other modes of use-namely, the maintenance of such baths and the use of solvent in portable or cold form-produced at least as many severe or fatal cases. This, combined with the fact that 10 of 17 of the solvent deaths occurred because of use in confined spaces, shows the importance of circumstances of use when considering toxic effects of these solvents. Solvent in a portable and cold form may often be taken into poorly ventilated areas or confined spaces, and during the maintaining or servicing of degreasing baths, entry into tanks frequently occurs. Such circumstances clearly increase any potential solvent hazard.
Conclusion
From the data presented, the occurrence of industrial poisonings due to chlorinated hydrocarbons does not appear to have changed during 1961-80. These compounds clearly exert their greatest toxic effect by virtue of their narcotic properties whereas hepatotoxicity does not appear to be a major hazard. In occasional cases dysrhythmias resulting from hyperexcitability of myocardium may occur. There is good evidence that people in the younger age groups are relatively at greater risk of industrial poisoning with these compounds and that when such occurrences happen, they are more likely to be severe. For the three compounds considered, severity of toxic effects appeared to be more closely related to the mode of use than to the particular solvent used, and use of solvents in confined space is particularly hazardous. Supervisory staff should be constantly aware of the possibility of solvent abuse, and this factor should be borne in mind when selecting staff.
